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CLAIMS 



[Claim(s)] 

[Claim l] In the gas piping system which carries out the sequential course of the 1st 
closing motion valve and the massflow controller from the source of process gas, and 
supplies this process gas to a process chamber The gas holder for measurement in which it 
is on massflow controller inlet-port piping between said 1st closing motion valves and said 
massflow controllers, and the gas for measurement of the predetermined pressure PI is 
stored, It has the pressure sensor which measures the pressure of the entrance side of said 
massflow controller. After intercepting supply of said process gas to said massflow 
controller by said first closing motion valve, The gas for measurement currently stored in 
said gas holder for measurement to said massflow controller A sink, The massflow 
controller absolute flow rate assay system which measures the time amount T which 
predetermined pressure drawdown takes with said pressure sensor, and is characterized 
by the thing of said massflow controller for which a flow rate is authorized absolutely from 
the volume V of said time amount T and said gas holder for measurement. 
[Claim 2] In the system indicated to claim 1, it has the closing motion valve for 
measurement which opens and closes a duct between said gas holder for measurement, 
and said massflow controller inlet-port piping. After intercepting supply of said process gas 
to said massflow controller by said first closing motion valve, said massflow controller is 
made into predetermined opening. When the pressure which measures the pressure PI of 
the gas for measurement with said pressure sensor, next closes said closing motion valve 
for measurement, and said pressure sensor measures is set to low voltage P2 
predetermined Make said massflow controller into a cut off state, next said closing motion 
valve for measurement is opened. The massflow controller absolute flow rate assay system 
characterized by measuring a pressure P3 by the pressure sensor after predetermined time 
progress, and computing the volume of massflow controller inlet-port piping from said 
pressures PI, P2, and P3 and the volume V of the tank for measurement. 
[Claim 3] The gas holder for the 1st measurement in which it is on massflow controller 
inlet-port piping between said 1st closing motion valves and said massflow controllers, and 
the gas for measurement of the predetermined pressure Pi is stored in the system 
indicated to claim 1, The gas holder for the 2nd measurement in which it is similarly on 
said massflow controller inlet-port piping, and the gas for measurement of the 
predetermined pressure P2 is stored, The closing motion valve for the 1st measurement 



1/14 



Japanese Publication number : 07-281760A 

which opens and closes a duct between said gas holder for the 1st measurement, and said 
massflow controller inlet-port piping, It has the closing motion valve for the 2nd 
measurement which opens and closes a duct between said gas holder for the 2nd 
measurement, and said massflow controller inlet-port piping. After intercepting supply of 
said process gas to said massflow controller by said first closing motion valve, Open said 
closing motion valve for the 1st measurement, and the time amount Tl which 
predetermined pressure drawdown takes with said pressure sensor is measured. Next, 
open said closing motion valve for the 2nd measurement, and the time amount T2 which 
predetermined pressure drawdown takes with said pressure sensor is measured. The 
massflow controller absolute flow rate assay system characterized by the thing of said 
massflow controller for which a flow rate is authorized absolutely from the volume of said 
time amount Tl and T2 and said gas holder for the 1st measurement, and the volume of 
said gas holder for the 2nd measurement. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the absolute flow rate assay system 
which can authorize the measurement precision of the absolute flow rate which the 
massflow controller in the condition of having included in the detail into the system 
further measures about flow rate assay of the massflow controller used for the gas system 
in a semi-conductor manufacture process. 
[0002] 

[Description of the Prior Art] In the membrane formation equipment in a semi conductor 
production process, a dry type etching system, etc., strong inflammability gas, such as 
corrosive gas, such as so-called special material gas, chlorine gas, etc., such as a silane and 
a phosphine, and hydrogen gas, etc. is used, for example. In use of these gas, the flow rate 
must be managed very strictly for the reason explained below. 

[0003] The fact that a quantity of gas flow influences the quality of a process directly is 
cited as the reason. That is, in a membrane formation process, the quality of circuit 
processing is influenced [ great ] by membraneous quality with the precision of a quantity 
of gas flow in an etching process. The fact that this kind of gas [ many of ] has the body, 
harmful nature or explosivility over an environment, etc. is cited as another reason. For 
this reason, exhausting these gas after use to direct atmospheric air is not allowed, but it 
must be equipped with the damage elimination means according to a type of gas. This 
damage ehmination means may lead to an outflow by the environment of harmful gas, or 
breakage of a damage ehmination means, when the throughput is restricted usually and 
the flow rate more than an allowed value flows. Furthermore, since the thing of the high 
grade which can be used in these gas, especially a semi-conductor manufacture process, 
and non-dust has the expiration date by natural deterioration an expensive top depending 
on a type of gas, it also becomes a reason that extensive storage cannot be performed. 
[0004] Since the actual flow rate of these gas that a process unit requires is small, it 
matches at most 500 seem extent with the massflow controller better known than before in 
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piping, and he is trying to pass the optimal flow rate for every type of gas on the other hand. 
By changing applied voltage, this massflow controller changes a setting flow rate, and can 
respond now to modification of a process recipe. 
[0005] 

[Problem(s) to be Solved by the Invention] Since the massflow controller in this kind of gas 
process is a thing aiming at controlling a small flow rate, it has a capillary inside, and it is 
performing the monitor of a flow rate etc. according to an operation of this capillary. 
Among the gas which flows a massflow controller on the other hand, also within the piping 
on a property, especially the charge gas of membrane formation material may deposit a 
solid, and may change the flow rate capacity of piping. Since a real flow rate changes even 
if the relation of the applied voltage and the real flow rate in the massflow controller will 
naturally change and there will be no change in a setup of applied voltage, if this change 
takes place, the stability of a process will be checked. When such [ actually ] change takes 
place, a setup of applied voltage must be corrected in order to pass a right quantity of gas 
flow. At this time, the need of measuring the real flow rate of a massflow controller arises. 
[0006] Moreover, continuing using such a massflow controller will send into a process unit 
the particle which should be most disliked on semi-conductor manufacture, and it is not 
desirable. Therefore, in such a case, a massflow controller must be exchanged for a new 
article. Even if the relation between the applied voltage of a massflow controller and a real 
flow rate is the same model, it cannot disregard individual difference, but it needs to 
measure a real flow rate in the new exchanged massflow controller here. 
[0007] however, the thing for which the real flow rate of a massflow controller is measured 
•- most past there is no line crack ****. The reason has measurement of the real flow rate 
of the massflow controller in the condition of having included in the pipe line in a difficult 
thing. Then, applied voltage was provisionally set up by an operator's intuition and 
experience instead of measuring a real flow rate, the process was performed, the quality of 
an estimate was judged by the quality, this was repeated, and the optimal set point is 
determined. For this reason, since time amount is taken by optimum-value decision, the 
real availability of a process unit not only becomes low, but it cannot make light of costs, 
such as various gas, a test wafer, etc. which are consumed in that process. 
[0008] In order to solve this problem, these people have proposed the system which 
performs flow rate assay of the massflow controller actually attached in the pipe line by 
Japanese Patent Application No. No. 286986 [ four to ]. After having introduced nitrogen 
gas from the pipe line of the nitrogen gas for a purge after intercepting supply of the 
process gas to a massflow controller, and filling entrance-side piping of a massflow 
controller with this approach with nitrogen gas, flow rate assay of a massflow controller 
was performed by measuring the pressure drawdown accompanying time amount progress. 
After measuring and memorizing the initial value of the pressure drawdown accompanying 
time amount progress furthermore when a massflow controller is installed in a detail at 
the pipe line, and using a massflow controller, flow rate assay of a massflow controller was 
performed by measuring the value of the pressure drawdown accompanying time amount 
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progress, and getting to know change with the value and initial value. 

[0009] However, there was the following problem in the system proposed by Japanese 
Patent Application No. No. 286986 [ four to ]. That is, when the abnormalities of flow rate 
measurement are discovered, there is a case where he wants to know a flow rate correctly 
absolutely. Moreover, when a new massflow controller is attached, a flow rate is measured 
correctly absolutely and there is a case of the massflow controller where he wants to check 
precision absolutely. In the system of Japanese Patent Application No. No. 286986 [ four 
to ], the flow rate was immeasurable by any means. And when a flow rate needed to be 
measured absolutely, it reconnected with the pipe line, the flow instrument which can 
measure a flow rate absolutely was measured to it, and it had returned after measurement. 
Therefore, connection of piping etc. took time amount and it had taken about 5-hour 
excessive time amount. Furthermore, by removal of piping, the particle which exists in 
indoor air might invade in piping, the pipe line might be polluted with the semi-conductor 
process, and it was a problem. 

[00 10] It is made in order that this invention may solve the trouble mentioned above, and 
it corresponds to the individual difference and aging of a massflow controller appropriately 
by [ of the massflow controller in the condition included in the pipe line ] enabling 
measurement of a flow rate absolutely, the electrical-potential-difference set point which 
gives a right quantity of gas flow is got to know quickly, and it aims at offering the 
massflow controller absolute flow rate assay system which enables stable operation of the 
process which has and uses gas, and high availability operation. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose the 
massflow controller absolute flow rate assay system of this invention In the gas piping 
system which carries out the sequential course of the 1st closing motion valve and the 
massflow controller from the source of process gas, and supplies this process gas to a 
process chamber The gas holder for measurement in which it is on massflow controller 
inlet-port piping between the 1st closing motion valve and a massflow controller, and the 
gas for measurement of the predetermined pressure PI is stored, It has the pressure 
sensor which measures the pressure of the entrance side of a massflow controller. After 
intercepting supply of the process gas to a massflow controller by the first closing motion 
valve, the gas for measurement stored in the gas holder for measurement is passed to a 
massflow controller. The time amount T which predetermined pressure drawdown takes 
with a pressure sensor is measured, and it is characterized by the thing of a massflow 
controller for which a flow rate is authorized absolutely from the volume V of time amount 
T and the gas holder for measurement. 

[0012] Moreover, in the above-mentioned system, it has the closing motion valve for 
measurement which opens and closes a duct between the gas holder for measurement, and 
massflow controller inlet-port piping. A massflow controller is made into predetermined 
opening after intercepting supply of the process gas to a massflow controller by said first 
closing motion valve. When the pressure which measures the pressure Pi of the gas for 
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measurement with a pressure sensor, next a pressure sensor measures is set to low voltage 
P2 predetermined A massflow controller is made into a cut off state, next the closing 
motion valve for measurement is opened, a pressure P3 is measured by the pressure sensor 
after predetermined time progress, and it is characterized by computing the volume of 
massflow controller inlet-port piping from pressures Pi, P2, and P3 and the volume V of 
the tank for measurement. Moreover, the gas holder for the 1st measurement in which it is 
on massflow controller inlet-port piping between the 1st closing motion valve and a 
massflow controller, and the gas for measurement of the predetermined pressure Pi is 
stored in the above-mentioned system, The gas holder for the 2nd measurement in which it 
is similarly on massflow controller inlet-port piping, and the gas for measurement of the 
predetermined pressure P2 is stored, The closing motion valve for the 1st measurement 
which opens and closes a duct between the gas holder for the 1st measurement, and 
massflow controller inlet-port piping, It has the closing motion valve for the 2nd 
measurement which opens and closes a duct between the gas holder for the 2nd 
measurement, and massflow controller inlet-port piping. After intercepting supply of the 
process gas to a massflow controller by the first closing motion valve, Open the closing 
motion valve for the 1st measurement, and the time amount Tl which predetermined 
pressure drawdown takes with a pressure sensor is measured. Next, the closing motion 
valve for the 2nd measurement is opened, the time amount T2 which predetermined 
pressure drawdown takes with a pressure sensor is measured, and it is characterized by 
the thing of a massflow controller for which a flow rate is authorized absolutely from the 
volume of time amount Tl and T2 and the gas holder for the 1st measurement, and the 
volume of the gas holder for the 2nd measurement. 
[0013] 

[Function] In the massflow controller absolute flow rate assay system of this invention 
which has said configuration, when a massflow controller is attached in the pipe line, the 
absolute flow rate of a massflow controller can be measured. A flow rate is computable by 
the following three approaches absolutely. It is carried out by comparing the measurement 
value of the absolute flow rate which computed assay of a flow rate absolutely and 
massflow controller of a massflow controller. In a primary method, supply of the process 
gas to (l) massflow controller is intercepted by the first closing motion valve, the time 
amount T taken for a sink and (3) pressures to carry out pressure drawdown of the 
measurement gas in (2) measurement tank to a massflow controller from the 
predetermined value PI P2 is measured, and the absolute flow rate which flowed to the 
massflow controller based on the gaseous equation of state from the volume V of the (4) 
time amount T and the gas holder for measurement is computed. 

[0014] By the second approach, intercept supply of the process gas to (l) massflow 
controller by the first closing motion valve, and (2) massflow controllers are made into 
predetermined opening. When the pressure which measures the pressure Pi of the gas for 
measurement with said pressure sensor, and (3) pressure sensors measure is set to low 
voltage P2 predetermined Make a massflow controller into a cut off state, and the closing 
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motion valve for (4) measurement is opened. Measure a pressure P3 by the pressure sensor 
after progress at the time of predetermined, and the volume of massflow controller 
inlet-port piping is computed from the (5) pressures Pi, P2, and P3 and the volume V of the 
tank for measurement. The sum of the volume of the gas holder for measurement and the 
volume of massflow controller inlet*port piping is used as volume of a primary method. 
[0015] By the third approach, supply of the process gas to (l) massflow controller is 
intercepted by the first closing motion valve. (2) The closing motion valve for the 1st 
measurement is opened. The measurement gas in the 1st measurement tank to a massflow 
controller Sink, (3) The time amount Tl taken to carry out pressure drawdown to P3 from 
the predetermined pressure PI is measured. (4) The closing motion valve for the 2nd 
measurement is opened. The measurement gas in the 2nd measurement tank to a 
massflow controller Sink, (5) The time amount T2 taken to carry out pressure drawdown to 
P4 from the predetermined pressure P2 is measured. (6) Based on a gaseous equation of 
state, the absolute flow rate which flowed to the massflow controller is computed from the 
volume of pressure drawdown P1-P3, P2-P4 and the measured time amount Tl, time 
amount T2, and the gas holder for the 1st measurement, and the volume of the gas holder 
for the 2nd measurement. 
[0016] 

[Example] One example which materialized the gas real flow rate assay system of this 
invention, and was hereafter included in the gas piping system is explained with reference 
to a drawing. Drawing 3 is the block diagram of the gas system incorporating the gas real 
flow rate assay system concerning this invention. In drawing 3 , two kinds of process gas (A, 
B) is supplied to the process chambers 5A and 5B through the 1st closing motion valve 
(15A, 15B) and the 2nd closing motion valve (2A, 2B) which sandwich a massflow 
controller (11A, 11B), respectively, on the other hand, nitrogen gas supply Rhine for 
purging a massflow controller 11 with nitrogen gas should pass the closing motion valve 
for connection (4A, 4B) through REGYURETA 32, a filter 33, and a purge valve 17 from a 
nitrogen gas holder - each gas line is joined. Moreover, the pressure sensor 13 has 
connected with piping between a purge valve 17 and the closing motion valve 4 for 
connection. Moreover, the gas holder 12 for measurement has connected with piping 
between a purge valve 17 and the closing motion valve 4 for connection through the closing 
motion valve 14 for measurement. Here, the closing motion valves 4A and 4B for 
connection are formed for authorizing massflow controllers 11A and 11B according to an 
individual. That is, when authorizing massflow controller 11A, only closing motion valve 
4for connection A is made open, and closes and uses other closing motion valve 4for 
connection B etc. A pressure sensor 13 measures the pressure of the nitrogen gas in piping 
of the entrance side of a massflow controller 11. The process chambers 5A and 5B are for 
performing dry etching, gaseous-phase membrane formation, thermal oxidation, etc. 
[0017] If the configuration of the pipe line of the nitrogen gas containing this gas holder 12 
for measurement is simplified and shown, it will become like drawing 1 . That is, it is on 
the massflow controller inlet-port piping 16 between a purge valve 17 and a massflow 
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controller 11, and the gas holder 12 for measurement in which the nitrogen gas of the 
predetermined pressure PI is stored is arranged. Moreover, the closing motion valve 14 for 
measurement is arranged between the gas holder 12 for measurement, and the massflow 
controller inlet-port piping 16. Moreover, the pressure sensor 13 which measures the 
pressure of the entrance side of a massflow controller 11 is arranged in the massflow 
controller inlet-port piping 16. On the other hand, a purge valve 17 is a pilot type closing 
motion valve, and the solenoid valve 21 which supplies the air for driving a purge valve 17, 
and is intercepted is connected. 

[0018] Next, drawing 2 explains the configuration of the control unit of this system. The 
flow rate assay control unit 22 is constituted by AID converter 25 for changing into digital 
data CPU23 which is an operation means, 1/024 which is an input/output interface, and 
analog data, a display 26, and 1/027 that is an interface with a host computer. Here, ROM 
which has memorized the control program, and RAM which memorizes data etc. 
temporarily are included in CPU23 of drawing 2 . The output of a pressure sensor 13 is 
connected to AID converter 25. Moreover, the solenoid valve 21 is connected to 1/024. On 
the other hand, the flow rate assay control unit 22 is connected to the host computer 28 
which is controlling the whole process. That is, 1/027 is connected to 1/029 which is an 
interface by the side of a host computer 28 through the data communication line 31. 1/029 
is connected to CPU30 of a host computer 28. 

[0019] Next, an operation of the absolute flow rate assay system of the massflow controller 
which has the above-mentioned configuration is explained. First, an operation of a process 
is usually explained. In case the usual process recipe is performed in this gas system After 
the nitrogen gas from the gas holder 12 for measurement does not flow to each gas line by 
making close a latching valve (4A, 4B) and making it each process gas not flow backwards 
to the direction of a pressure sensor 13 A programmed voltage is impressed to each 
massflow controller 11, and only a required flow rate passes each process gas to the process 
chamber 5 by making open the required 1st closing motion valve 15 and the 2nd closing 
motion valve 2. In the process chamber 5, the wafer which it is going to process is 
contained, heating, plasma impression, etc. are performed suitably, it combines with an 
operation of process gas and required processing is performed. 

[0020] Now, in this gas system, the case where massflow controller 11A is exchanged for a 
new article is considered. Since a massflow controller generally has a capillary inside, even 
if it is the thing of a highly uniform, the individual difference of the relation between the 
applied voltage and a real absolute flow rate is desirable when being unable to ignore, 
measuring the actual absolute flow rate in the condition of having included in the system, 
and resetting up the applied voltage to the flow rate to need aims at good operation of a 
process. Moreover, since the property of a massflow controller 11 may change with 
plugging of a capillary etc. by carrying out count activation of many real recipes, in the 
very large semi conductor production process of the effect which the precision of a flow rate 
has on quality directly absolutely, it is required to authorize the absolute flow rate which a 
massflow controller 11 measures if needed. In the gas system of this example, since the gas 
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absolute flow rate assay system is incorporated, the gas absolute flow rate of each 
massflow controller (11A, 11B) can be measured, and the precision of a massflow controller 

11 can be checked. 

[0021] The procedure of the gas real discharge measurement in the gas system of this 
example is explained based on the flow chart of drawing 4 . Here, the approach of massflow 
controller 11A of authorizing a flow rate absolutely is explained. In order to measure a gas 
absolute flow rate in the gas system of drawing 1 Make close first 1st closing motion valve 
15A, and supply of the process gas A to massflow controller 11A is intercepted. 2nd closing 
motion valve 2A and massflow controller 11A, the closing motion valve 14 for 
measurement, closing motion valve 4for connection A, and a purge valve 17 are opened, the 
process gas A which remains in the massflow controller 11 is discharged, and the massflow 
controller 11 interior is purged with nitrogen gas (Si). Thereby, the nitrogen gas of purge 
pressure is stored in the gas holder 12 for measurement. Next, a flow rate setup of 
massflow controller 11A is made into the predetermined value which is usually due to be 
used in a process (S2), a purge valve 17 is closed, and the nitrogen gas in the gas holder 12 
for measurement is passed to massflow controller 11A (S3). And A/D conversion of the 
pressure which the pressure sensor 13 measured is carried out by A/D converter 25, and it 
is read into CPU23. Moreover, CPU23 measures the time amount T taken to perform time 
amount measurement from from and to detect the predetermined pressure P2 when the 
predetermined pressure PI is detected. 

[0022] And CPU23 computes the absolute flow rate of the nitrogen gas which flowed to 
massflow controller 11A based on the gaseous equation of state by the above-mentioned 
pressure drawdown P1-P2 and time amount T (S5). Next, the calculation approach is 
explained, gaseous equation of state PV=nRT " here - P - a gaseous pressure and V - the 
gaseous volume and n - the mol of a gas - a number and T are gaseous temperature. If it is 
set to (dP/dt)=(dn/dt)RT and this is arranged about (dn/dt) by differentiating the equation 
of state of this gas by time amount t It becomes (dn/dt)=(dP/dt)/(RT). (Formula l) 
On the other hand, it is flow Q. It is set to Q=(dn/dt) m. (Formula 2) 

Here, m is gaseous molecular weight. (Formula l) And (formula 2) it depends. It becomes 
Q=(dP/dt) mV/(RT). (Formula 3) 

[0023] For dP=P2-Pl, dt=T, and m, in this example, the molecular weight of nitrogen gas 
and V are [ a gas constant and T of the volume VI and R of the gas holder 12 for 
measurement ] the temperature of nitrogen gas. Since gaseous temperature hardly 
changes in change of the gas which this operation requires, 20 room temperatures are 
being used for the temperature of nitrogen gas as they are. Moreover, it is necessary to 
calculate the volume V correctly to the volume which applied the volume of the gas holder 

12 for measurement, and the volume of the massflow controller inlet-port piping 16. In this 
example, since it is simple, it is calculating to the volume of the gas holder 12 for 
measurement, but since the volume of the gas holder 12 for measurement of this example 
is set up by about 100 times the volume of the massflow controller inlet-port piping 16, it 
can press down the error by the volume to about 1%. Every one massflow controller 11 is 
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authorized with the observation absolute flow rate of a flowmeter, and relation with a flow 
rate is absolutely indicated to be a measurement value as a design value in the table etc. 
One of the purposes of this invention is checking the relation of a flow rate not changing by 
any means with a measurement value, when a massflow controller 11 is built into the 
actual pipe line. Therefore, massflow controller 11A is authorized by comparing the 
absolute flow rate and the design value of massflow controller 11A which were computed 
(S6). 

[0024] As explained to the detail above, according to the massflow controller absolute flow 
rate assay system of this example The gas holder 12 for measurement in which it is on the 
massflow controller inlet-port piping 16 between the 1st closing motion valve 15 and a 
massflow controller 11, and the nitrogen gas for measurement of the predetermined 
pressure Pi is stored, The closing motion valve 14 for measurement which opens and closes 
a duct between the gas holder 12 for measurement, and the massflow controller inlet-port 
piping 16, It has the pressure sensor 13 which measures the pressure of the entrance side 
of a massflow controller 11. After intercepting supply of the process gas to a massflow 
controller 11 by the first closing motion valve 15, Since the closing motion valve 14 for 
measurement is opened, the time amount T which predetermined pressure drawdown 
takes with a pressure sensor 13 is measured and the absolute flow rate of a massflow 
controller 11 is authorized from the volume V of time amount T and the gas holder 12 for 
measurement Since [ of a massflow controller 11 ] a flow rate can be authorized easily and 
simple absolutely, a massflow controller 11 can be controlled correctly and only a required 
daily dose can supply process gas correctly. 

[0025] Next, the second example is explained. Since the configuration of the second 
example is completely the same as that of the first example, explanation is omitted. Since 
it is the point of asking for the volume of the massflow controller inlet-port piping 16, 
differing from the first example in the second example explains to a detail the operation 
which asks for the massflow controller inlet-port piping 16 of the second example using 
drawing 5 . Here, the approach of massflow controller 11A of authorizing a flow rate 
absolutely is explained. The 1st closing motion valve 15 is closed, a purge valve 17, closing 
motion valve 4for connection A, the closing motion valve 14 for measurement, and a 
massflow controller 11 are opened, and the inside of massflow controller 11A is purged 
with nitrogen gas (Sll). 

[0026] Next, massflow controller 1 1A is changed into a setting flow rate condition, and a 
pressure PI is measured (S12). Next, when a purge valve 17 is closed and a pressure is set 
to low voltage P2 predetermined after closing the closing motion valve 14 for measurement, 
massflow controller 11A is closed, and a pressure P2 is measured (S13). After closing the 
closing motion valve 14 for measurement, the purge valve 17 is closed because an error will 
occur in the capacity stored in the gas holder 12 for measurement, if a purge valve 17 is 
closed previously. Next, the closing motion valve 14 for measurement is opened, and the 
pressure P3 after predetermined time progress is measured (S14). Next, the measured 
pressures PI, P2, and P3 and volume V0 of the gas holder 12 for measurement The volume 
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VX of the massflow controller inlet-port piping 16 is computed (S15). 
[0027] Next, the calculation approach is explained. 
From PV=nRT, it is n=PV/(RT). 

(Number of mols in gas holder 12 for measurement) + (mol in the massflow controller 
inlet-port piping 16 number) = (the total number of mols when making a bulb open) 
therefore P1V0 - if it becomes /(RT)+P2VX / (RT) =P3(V0+VX)/(RT) and this is arranged - 
V(P1-P3)0=(P3-P2) VX, if this is solved about VX VX=V0(P1-P3)/(P3-P2) (formula 4) 
Here, the volume of the known gas holder 12 for measurement is set to V0, and the volume 
of the massflow controller inlet-port piping 16 is set to VX. 

[0028] The step of S16 to S19 is the same as that of the 1st example, and omits explanation. 
By (the formula 2), it is the volume VX of the massflow controller inlet-port piping 16. By 
being able to ask and being referred to as V=V0+VX in (a formula 3), it can include to the 
volume of the massflow controller inlet-port piping 16, and a flow rate can be computed 
absolutely more correctly than the first example. In this example, after setting the inside of 
high-pressure Pi and the massflow controller inlet-port piping 16 to low voltage P2, the 
inside of the gas holder 12 for measurement It is the volume VX of the massflow controller 
inlet-port piping 16, opening the closing motion valve 14 for measurement, and using the 
inside of the gas holder 12 for measurement, and the massflow controller inlet-port piping 
16 as a medium voltage P3. Although asked On the contrary, after setting the inside of low 
voltage PI and the massflow controller inlet-port piping 16 to high-pressure P2 for the 
inside of the closing motion valve 14 for measurement, it is the same, even if it opens the 
closing motion valve 14 for measurement and asks for the volume VX in the massflow 
controller inlet-port piping 16 as a medium voltage P3. 

[0029] According to the massflow controller absolute flow rate assay system of the second 
example After intercepting 1st closing motion valve ISA, make massflow controller 11A 
into a cut off state, and a massflow controller is made into predetermined opening. When 
the pressure which measures the pressure PI of the gas for measurement with a pressure 
sensor, next a pressure sensor measures is set to low voltage P2 predetermined Make a 
massflow controller into a cut off state, next the closing motion valve for measurement is 
opened. Measure a pressure P3 by the pressure sensor after predetermined time progress, 
and the volume of massflow controller inlet-port piping is computed from pressures PI, P2, 
and P3 and the volume V of the tank for measurement. Since massflow controller absolute 
flow rate assay is performed using the volume, as compared with the first example, it can 
ask for the volume of the massflow controller inlet-port piping 16, and a flow rate can be 
computed correctly absolutely. Therefore, it is not necessary to enlarge the volume of the 
gas holder 12 for measurement, and a system can be constituted in a compact. 
[0030] Next, the third example is explained. The configuration of the third example is 
shown in drawing 2 . That the third example differs from the first example is a point 
respectively equipped with the gas holder 12 for measurement, and 2 sets of closing motion 
valves 14 for measurement. That is, the gas holder 121 for the 1st measurement connected 
with the massflow controller inlet-port piping 16 through the closing motion valve 141 for 
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the 1st measurement, and the gas holder 122 for the 2nd measurement has connected with 
the massflow controller inlet-port piping 16 through the closing motion valve 142 for the 
2nd measurement. Next, an operation of the third example is explained to a detail using 
drawing 6 . Here, the approach of massflow controller 11A of authorizing a flow rate 
absolutely is explained. In order to measure a gas absolute flow rate in the gas system of 
drawing 1 R> 1 Make close first 1st closing motion valve 15A, and supply of the process gas 
A to massflow controller 11A is intercepted. 2nd closing motion valve 2A, massflow 
controller 11 A, the closing motion valve 141 for the 1st measurement, the closing motion 
valve 142 for the 2nd measurement, closing motion valve 4for connection A, A purge valve 
17 is opened, the process gas A which remains in the massflow controller 11 is discharged, 
and the inside of massflow controller 11A is purged with nitrogen gas (S2l). This stores the 
nitrogen gas of purge pressure in the gas holder 121 for the 1st measurement, and the gas 
holder 122 for the 2nd measurement. 

[0031] Next, let a flow rate setup of massflow controller 11A be the predetermined value 
which is usually due to be used in a process (S22). Next, the closing motion valve 141 for 
the 1st measurement is opened, and the closing motion valve 142 for the 2nd measurement 
is closed (S23). Next, a purge valve 17 is closed and the time amount Tl in which a 
pressure carries out pressure drawdown to P3 from PI with a pressure sensor 13 is 
measured (S24). Next, a purge valve 17 is opened (S25). Next, the closing motion valve 141 
for the 1st measurement is closed, and the closing motion valve 142 for the 2nd 
measurement is opened (S26). Next, a purge valve 17 is closed and the time amount T2 in 
which a pressure carries out pressure drawdown to P4 from P2 with a pressure sensor 13 is 
measured (S27). 

[0032] And based on a gaseous equation of state, the absolute flow rate of the nitrogen gas 
which flowed to massflow controller 11A is computed using the pressure drawdown time 
amount Tl and T2 which CPU23 measured (S28). And the absolute flow rate and design 
value which were computed are compared, and a massflow controller 11 is authorized (S29). 
Next, the calculation approach of the absolute flow rate of nitrogen gas is explained. If the 
volume of V2 and the massflow controller inlet-port piping 16 is set [ the volume of the gas 
holder 121 for the 1st measurement ] to VX for the volume of VI and the gas holder 122 for 
the 2nd measurement from (a formula 3) It becomes Q=(dP/dtl) m(Vl+VX)/(RT). (Formula 
5) 

It becomes Q=(dP/dt2) m(V2+VX)/(RT). (Formula 6) 

If VX is eliminated from (a formula 5) and (a formula 6) It becomes Q=(dP/(dtl"dt2)) 
m(Vl-V2)/(RT). (Formula 7) 

(A formula 7) is the form where considered that only the difference of the volume of a tank 
was the difference of pressure drawdown time amount, and it substituted dt=dt2*dtl and 
V=V2-V1 for (the formula 3). Thereby, it is the volume VX of the massflow controller 
inlet-port piping 16. Since it can ask, it can include to the volume of the massflow 
controller inlet-port piping 16, and a flow rate can be computed absolutely more correctly 
than the first example. 
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[0033] Although the closing motion valve 141 for the 1st measurement is opened and 
measured where the closing motion valve 142 for the (l) 2nd measurement is closed, and it 
is measuring by opening the closing motion valve 142 for the 2nd measurement at this 
example (2), next where the closing motion valve 141 for the 1st measurement is closed In 
the case of (2), you may measure by opening the closing motion valve 142 for the 2nd 
measurement with the condition of having opened the closing motion valve 141 for the 1st 
measurement. It is because flow Q is measured as a difference of the time amount which 
carries out pressure drawdown only of the difference of the volume of two tanks, so 
according to this approach a volume difference can be enlarged even if it uses the same 
tank. 

[0034] According to the massflow controller absolute flow rate assay system of the third 
example The gas holder 121 for the 1st measurement in which the nitrogen gas of the 
predetermined pressure PI is stored, and the gas holder 122 for the 2nd measurement in 
which the nitrogen gas of the predetermined pressure P2 is stored, The closing motion 
valve 141 for the 1st measurement which opens and closes a duct between the gas holder 
121 for the 1st measurement, and the massflow controller inlet-port piping 16, It has the 
closing motion valve 142 for the 2nd measurement which opens and closes a duct between 
the gas holder 122 for the 2nd measurement, and the massflow controller inlet-port piping 
16. After intercepting supply of the process gas to massflow controller 11A by first closing 
motion valve 15A, Open the closing motion valve 141 for the 1st measurement, and the 
time amount Tl which predetermined pressure drawdown takes with a pressure sensor 13 
is measured. Next, open the closing motion valve 142 for the 2nd measurement, and the 
time amount T2 which predetermined pressure drawdown takes with a pressure sensor 13 
is measured. Since the absolute flow rate of massflow controller 11A is authorized from the 
volume of the measured time amount Tl and T2 and the gas holder 121 for the 1st 
measurement, and the volume of the gas holder 122 for the 2nd measurement As compared 
with the first example, it can ask for the volume of the massflow controller inlet-port 
piping 16, and a flow rate can be computed correctly absolutely. Moreover, in the second 
example, although it is difficult to make a massflow controller 11 into a perfect cut off state, 
since two small tanks are only needed, in the third example, a flow rate can be measured 
absolutely more correctly. 

[0035] On the other hand, if much activation of a real recipe is repeated the number of 
times, the relation between the applied voltage of a massflow controller 11 and a real flow 
rate may change, and although the normal electrical potential difference is impressed to a 
massflow controller 11, that will be known when a process result becomes less good. If a 
process result is not good, in the case of a membrane formation process, the membranous 
thickness and membraneous qualities (refractive index etc.) which were formed will shift 
from normal values, or it will say that those homogeneity worsens. In this case, the applied 
voltage of a massflow controller 1 1 is corrected and a required flow must be made to be 
obtained. Moreover, since it obtains and carries out, particle is generated and the process 
yield is worsened, when the massflow controller 11 with which the gap from such normal 
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values became large exceeds threshold value with a gap, it is desirable [ the massflow 
controller ] that a certain alarm is emitted. 

[0036] Since it has the absolute real flow rate measurement means in the actual pipe line 
in the gas system of this example and can judge whether it should correct as mentioned 
above or the applied voltage of a massflow controller 11 should be exchanged often [ a 
system ] and efficiently, a step stop of a semi-conductor can be raised. Moreover, time 
amount required for analysis is reducible by adopting the system of this example as a 
result of the cost of the process gas and the test wafer to consume, or trial. 
[0037] In addition, of course, various deformation and amelioration are possible within 
limits which the above-mentioned example does not limit this invention and do not deviate 
from the summary of this invention. Moreover, although nitrogen gas was used as gas for 
measurement here, other gas may be used as long as not only nitrogen gas but the clean 
thing which is inactive is available gas. However, the process gas used at a semi conductor 
process is expensive, and since it may have toxicity, it is good [ the gas for measurement ] 
to use a different thing from process gas like this example. 
[0038] 

[Effect of the Invention] According to the massflow controller absolute flow rate assay 
system of this invention, like [ it is ****** from having explained above and ] The gas 
holder for measurement in which it is on massflow controller inlet-port piping between the 
1st closing motion valve and a massflow controller, and the gas for measurement of the 
predetermined pressure PI is stored, The closing motion valve for measurement which 
opens and closes a duct between the gas holder for measurement, and massflow controller 
inlet-port piping, It has the pressure sensor which measures the pressure P2 of the 
entrance side of a massflow controller. After intercepting supply of the process gas to a 
massflow controller by the first closing motion valve, Since the absolute flow rate of a 
massflow controller is authorized by measuring the time amount T which opens the closing 
motion valve for measurement and predetermined pressure drawdown takes with a 
pressure sensor Since [ of a massflow controller ] a flow rate can be authorized easily and 
simple absolutely, a massflow controller can be controlled correctly and only a required 
daily dose can supply process gas correctly. Thereby, the yield of a semi-conductor 
production process can be raised. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is the block diagram showing the configuration of the principal part of the 
massflow controller flow rate assay system which is the first example of this invention. 
[Drawing 21 It is the block diagram showing the configuration of the principal part of the 
massflow controller flow rate assay system which is the third example of this invention. 
[Drawing 3l It is the block diagram showing the whole massflow controller absolute flow 
rate assay system configuration of the first example. 



13/14 



Japanese Publication number : 07-281760A 



[Drawing 4] It is the flow chart which shows an operation of the massflow controller 
absolute flow rate assay system of the first example. 

[Drawing 51 It is the flow chart which shows an operation of the massflow controller 
absolute flow rate assay system of the second example. 

[Drawing 6l It is the flow chart which shows an operation of the massflow controller 
absolute flow rate assay system of the third example. 
[Description of Notations] 

1 1 Massflow Controller 

12 Gas Holder for Measurement 

121 Gas Holder for 1st Measurement 

122 Gas Holder for 2nd Measurement 

13 Pressure Sensor 

14 Closing Motion Valve for Measurement 

141 Closing Motion Valve for 1st Measurement 

142 Closing Motion Valve for 2nd Measurement 

15 1st Closing Motion Valve 

16 Massflow Controller Inlet-Port Piping 

21 Solenoid Valve 

22 Flow Rate Assay Control Unit 

23 CPU23 



14/14 



(19)B#B#tf/? (JP) 



< i2 > & m & w? & m (a) 



#Hi¥7 - 281760 

(43)&SB ^7^(1995)10^270 



(so intci.* mm^ jfto8m&*t pi i*»**®j9r 

G 0 5 D 7/06 Z 
G 0 1 F 1/34 Z 
25/00 G 



*2E»JR % a?5R*©*3 FD (£11 H) 



(21>{M*# 


»H¥6- 99333 


(71) MSA 


000106760 










(22)fflKB 


¥j«6^(1994)4/?12B 




g»m/jNftTeA^b51.ai^¥l»S3005#» 








1** ft 








Sffl»/jNtt*A^^aJ#*S3005 Jr 
























a»I^/J^*A^4t^0J#«e3005 














(74)f$BA 





(54) [%W<D2,m VX7D-3>hD-9*S^SiE«^^X^A 



(57) 

h □ - ^ cD*6*f)5ii»<Dfff-)flJ£:g^ Ic njm* v X 7 p - n 
A«, 3! 1 H3F0# 1 5 tvX7D-3>Fo-7 1 1 £ 
1 ItiiJffl^jX^^^l 2 t7X7n-3>ha- 

^Apges 1 6 towr-wss^F^p^-r?.ftsijffl^p^# 1 

-r^ya-ayha-^ \ l ©APffliJcDEE2j3rit 

5 1 1 ^(O^D-bX^Xcom^-PJIfl^ l 5lc<fcD 
KBrLfcft* It«iJffl^PB#l 4^F«1^T, l£?]-t>Vl 
3tc<fc0m^co/I^I^T{c^5^T*I+ifiiJL, KfH 
T R ItiffJffi #X £ y 5 <D®m J: t> *&*f)?itffi£»m U 
YX7o-3>hn-7(DJ6WiI^tSo 




1 



(2) 



WH¥ 7-281760 

2 



1 1 :/p*X;«rxSfr 6* l PBWMBJztf-r 

fijfem 1 MEH# i: tut B ^ X 7 a — :n > h n - ^ £ ofUjQ 
P 1 <DWrmm#7>%:9*.&W>9imrt7>9># 

mm^^y p- p > h p-5©Ap«©ffirt*traj-r * 

nric^^m T «tHM U 

mmm t r tftmEtHBWi #x * > * v * *> m a 

cif*^2] m^m i tctBSc*r§^x-rA^43v>T, 

MfB^X^p-ri>hn-^^otuiE7 p P-fc:X^XOfl± 

3Vho-v*J»ffi0IW*fcLT\ tufBE^-trVltlCci; 

0tHHffl*XOffi*P l*ft*U 

#tc, «iiatHIIfflH!l5H#*BHC, fufBE^>+WftifJ 

■fe Vine <*: DEE* P 3*W"«0U 30 
HufBEE^P K P2, P3Stfftfflffl*><'OSiVfr 

vx7 > h u~7APEf osa^ia-r^ c 

itufBil 1 BflBB^iiBufB^X^n— r3>hn— 5fc(OM<D 

p iofhsijffl^x^^§^iitsdffl^x^>^ii, 

I^C<fijfE^X:7P-:3>hP-^APBEg±lc&o 

T, m^E^P 2(DItfflffl^X^^^^^2It«'Jffl^X 40 

man 1 1 tan ffl # x * > * t m s *^ x 7 p - 31 > h u - 

5APE»t<OIB-e*K«l)IIBH-r*IB l ttSOffllHJffl* 

huIBS 2 I mim iSTsZlstt fijf B v X 7P-3>hn- 
5APEB^Offl^BK*BIIBB'r**2ffaiJfflHfiH#i: 

itufB^xyp— n>hn— ^^NOtufB^P-tX^XO^ 
ie*SW5a-BBBB#»c <fc 9 jUK MfBSg 1 stffl'Jffl 



icmtzmmT i *w-«iju 

«me«hht k t 2. tws» i mm#xz>'?<om 

7P-n>h v-?<Dmtffi.m*m7£?&£ tznwLt 
t§7X7P-3> h p-^*6«aai«S'>xxAo 

[00 0 1] 

6H'5#X'>XfAH:«fflt5vX7o-3>hD-7 
©8K»#ISfc:|!BU ^e»^Pffltc^'>X7^A^^^ji 

fi^itsysHfi^^^^tg^^^s^^xxA^gg 

[0 0 0 2] 

[0 0 0 3] ^li^LT, ^XgftM^^P-feXcDS 
pHrXJcfc^TtiKSttf, x^^-^^p-trx^fev^T 
*Stt5<D"Pfe5 0 SUOSSkLT. CCDm<DfiX<D& 

it. mt&*mc%m'?z>£t mttE ^xa^jsc 

yp-trxtcr^ffl L -5 5S5WS^o«BO t oaKfflia 

[0004] yp-bx«gg*«*-r*cn6o*r 

X(Dj||R(D«E««, ^<Tfe500scc mSfifc/hS 
1^<DT\ ^cfcOEW*tc^(7)^X7P-n> ha- 

V^o A*57X7o-3Vhn-7(^ ffltoSJE*^ 
[0 0 0 5] 

tc^5tt^^X7P — 3>hD-7^ /h»Sa^:n>hu 

^>o -^X7P-3>hD-7^ign§^X£?)9^ 



(3) 



ftB8¥ 7-2 8 1 7 6 0 



T% ^p^XcD^tt^fflg-rsetlc&S,, IHtc 
CO <fc 5 &g{btfj£ c o fc*|-£k: IE L^tfXi&m*ffi. 

tf£-r&„ 10 
[0006] icfc, lKOJ^&vx^p— 3>ho-7 

^■7X7 p-p > h u-^icts^Tntiam%:ntmT2><& 
[0 0 0 7] L^L^:^P>, -7X7n-3>f-n-7iD 20 

c ?\ nvam&irMir z ^ *> k> ic i^m^<om tmmtic 

Xh^x^cDPXhfciii*IU#;&V\> 30 
[0 0 0 8] £<Dmm*Mtfi-r%tziblc*tiimAte, ft 

i¥4-2 8 6 9 8 emc£K> s mwrncmmcmott 

ltfcvX7n- PVhP-^cDjftW&^fr? ->XfA 
tfXcOBBg^frBgigTjXSrtiAU 7X7D-3>1- 

IC£K>. -7X-7D-3>ha-vCO)?ft«^^ToTl/^ 

fee 

[0 0 0 9] LfrL&#<E>, (fi¥4-28698 6f 



f©-7X 7 a - p > h a - 7 cQ*fettfilfi£6ilg L T *S f? 
/ct^-a-*^?.o 4-286986 ^(D><X7 L 1± 

[0010] *mm, ±m\.rc?$m&*m\k?%rc)b 

* 5 1 mmm mmm t * pj t -r s v x 7 a - p > h a - 
[001 1 ] 

(C*f§B^covX7 D— 3 > h p— ^feftSftft&^v-X-r 
Ati, ya-trX^X^?,^ 1 fflffl#1s£Zf^xyu- 
3> ha-v*IH^:*ifiLTyp-trX^-+>/^ci^7 , 'a 

7X7a-3>hn-7i:OPB^7X7n-3ybD- 
5APEW±tc&oT, m^JI73P 1 ©fH&Jffl#X*:# 
X^WmmiS^y^t, 7X7n-3>hn-7©A 

p > h p-^-\cD^p-bX^XCD«^m-P»1P^#lc * 
t) iiBr LfcSk, H-flJffl^X* > ^rttix. 5ftfcfN»]ffl 

a'ttSiJffl^'X^ V^tDSffl V £ D 7X7 P-P > h o— 

7 ojewsKa^tt^-r set t -r *. 

[0 0 12] ±IE->Xf-i»tC*3l^T. ItSiJffl**X 

*BBBBr*ffaifflMIB#**fLx 7X7D-a^hn- 

L/cfg, 7X7n-3> ha-7?:ff Olgl: LT, 
ff73-b>-9-t«l;0ItPJffl*"XiDEE73P 1 *tt«U * 

E*-fe>-9-OStil|-r*ff**«BfJS©fiEEP2»cft-a 
fci: SIC 7X7a-3>hD- 7 aiiWi:L > % 

fciOJET^P 3*fhfiiJU EE77 P 1 > P2, P 3&tfft 
Si)ffl^>^cO^SV^c.-<'X7P-P>'hP-^APE 

xAtctsi^T, ^1 PjSPJ^tvX^P-P^hP— 7t 
(DKcD-7X7P-P>hP— 5APEB±tcfeoT, m 

ffiff* p i ©fra'jffi#x*g*sgi i %Y®mi57,$^>7 

£. IrII: < 7X7n-3 > h D-7APEf±tc$o 



(4) 



Wl»¥ 7-281760 



PSE© k OIB1f«B*BIEB'r £ £ 2 tHMflJMHft £ 

»-MH*Mc * oa«rbfc». £ l W-»JffliBBB#*Hi/^ 
T, E*t>*fc:J:t)WfiOBE*iaiT»cB'r*WIBT 1 
*fHHU mztHMffiHBB^Hlv^T. /±^*r> 

^fc*OBf3eoff*l»Th:«r*WIIIIT2*W-»IU » 
BTK T2, ^UtPJffl^X^^^coSffl. &tflg2 

«*w«*«tt6-r * c t t -r « 0 

[0 0 13] 

o»J^«*W-iai*tf5ci:*^#*o Jft3*»S««, * 

&K>nt)tiZ>o S— O^Tffi-e«. (1) 7X7a-a> 

Kb, (2) ffi»J*>*rt9W-ai5ffX*'TX7n--ri> 
hn— 5fcWU (3) EE^^m^flP 1 fr£P 21CJE 
^B-FrsOfcH-rsWfWTtW-WL, (4) B$BflTK. 
ffff-fljffl fix Z y 5 <D%m V A 0 . »f*<D«JB75rSSU: 
7X7P-3>Fo-7tttl/:»«K 

[0 0 14] SI— <DJ3&-ZH±, (1) 7X7D-3>b 

U (2) vx^n— 3>ha— 5*Hf^OBI!Atcb 

T, HulHffi*^>-9-tcJ:0ItiWffl^X<DEE*P 1 

U (3) EE^-bVitoH-aJ-rSff^^mSiOffiBEP 2 

U (4) fti»JfflP^ffl#*P^T. ffi&ME&IAmii'k 
>tffc«fc9EErtP3*rffl-fl!lU (5)E*P1, P2, 

^5APE«OS»6»mU a-OSftOSitLt 
ItIiJffl^X^>^cog®i:vx7a-n>ha-^AP 
EB©8«i:Oft*flJ^5o 
[0 0 l 5] m = (DJj&?lZ, ( l) 

U (2) % l ttSBfflBflffl#*IWt^T, fglft«'J*>* 
rtOftSa^rx«:*7X7n— nvha— ^iciffiU (3) 

T l *fK«U (4) *2«-»JfflBBBH#«:BBv^T, !g2 

u (5) ms:<0BE*p 2*^5P 4tcjE*BT-ra<orc 

B-ra^MT 2 *tHHU (6) EE*»TP 1-P3, 



6 

P2-P4. atffHBbfcWBT U »BT2, m 1 It 
[0 0 16] 

*fkbT*XE»3RJce*^A.^— **«*HBH*#!H 

10 H3IC*rai, 2lSS(7)yDtXfX (A, B) tf? 
nfn7X7u-3>hu^7 (1 1 A, 1 1 B) 

trMinn# (i 5 a, i 5B) tmzwmft (2 a, 

2B) t*iibT^n-lrX^^>M5 A, 5Btc«S&£ 
tlScfc^tSot^So —7a, YX7n-3>hn--7 

3, /<-S?#M 7*^LT, )tMffiJMB9# (4 A, 4 
B) ^it§^X7^>tc&iSLtt^o 
#1 7t3BBfflBHBH#4<DMOE«k:tt, E*-b>"9-l 
20 3*<«ISbT^£o £/c> 7 fcattffl|JBBH# 

4 0IIBOE*teH:, D-ilinHAl 4*ttbTff»JflI;tf 

A, 4 B*»ttTl^*oa^ VX7U^yhn-7l 

i a, i i B*mm£mz'tzr£tbv$>z>o -r&t>^ 

7X7P-3>hD-7l 1 A*«Jfe-T SB 

i:tiffl-ri)o 3(t vx7P-3>hp 

— ^ l l <OAP«©E«»c*tt*a**X<OEE**»WJ 

[0 0 17] COfHBflJtfX*;/* 1 2«rtffiJR3{rx 
OEWJROWflc^mnSfkbT^-rk, BKDcfcdfc:*: 
&o fftt)^. 7t7X7P-3>hP-7 
1 1 (DH07X7D- n> ha- ^APIES 1 6±lc$> 

* 1 2tfEK*ht^8o *fc* W-»Jffl*X^V* 1 2 
k"TX7D-n> hn-^APSBS l 6i:<DMtcltSiJffl 
HEB#1 4tfESSftn^o S/c, 7X7P-3>h 
40 D-7APEI l 6 tcti. 7X7P-ayhP-7l l 
^AP(|iJ^S^^It«iJ-r^EE^-t>^ 1 3tfERStit 
v^o >**M 7(i/Uu7hSPWT^7 

t> 1 7*iitsftftox7*««, awf-r 
[ooi8] mi, *i/7sTjL(ommmm<Dffimc~D^ 

Tm2lc£9mw?%o ME«k£«jmfiB2 2B. rnw 
#IST-fe^CPU2 3, Affi^>^-7x^XT*6S 
1/02 4. 7 ^ D * *"ris 2 ;l/-r- * 

so vea-^^^>^-7x^XtSS I /O 2 7lC<£ 



7 



(5) 



WWW 7-2 8 1 7 6 0 

8 



DM^ntt^o CCT\ B2£>C PU2 3£tt. ©J 

^^«rfB1i-r5R AM^/u^^o jE^-fcV+M 3 CO 

fc. «6&#2 Hi, I/0 2 4t:Mltt^ o — 
gita^WSU^M 2 2 tt. ^DtX4**iiLtv^* 

02 iitT-zmmmz 

2 8ttO^^-7x^Xt*5 I /O 2 9t£lSSKLT 
l^So 1/0 2 9tt, ±{5n>tfrL — *2 8<DCPU3 10 

COO l 9] ^ic, ±fS«^^*r^^X7a-n>h 

K#(4A, 4 B) *BBfcLT, H-«9ffl«rx^>^ 1 2 

1 £»£«E*9MinU ift^&Sf! 1 mm 1 5 Rtf^ 2 20 
BBBH#2*Mi:LT, ^o-fex^-v >^ 5 fc;&;/n-fex 

[0 0 2 0] St, frfr3#X->X^AtC*5^T, VX 
7u-n>hu-7l 1 A**rfiK:X«Ljfc*&*#*. 

*J*i«»fc<DBI«Ofllf*a«J»«L*t", ^X-rAtcffl 30 

(d n/d t ) = (d P/d t 
-75", 8KSQ«, 40 

Q= (d n/d t ) m££5 0 

Q= (d P/d t) mV/ (R 
[0 0 2 3] **«t«Ttt, dP = P2-PK dt = 
T, m(iii^X(0^1, V«W»Jffl^fX*>^ 1 2 

#X£>^ i 2^Sffl^*TX^a-n>ha-^APBB so 



tt, *X^^S^^>XxA^ffi^ii$nTV>§(D 
T% §7X7P-3>hn-7 (1 1 A, 1 1 B) O^T 
x*&tt^g#ft«dU 7X7P-a>hn-7i lcofit 

[0 0 2 1 ] *^0IJ(D^X->X-rAtc43^S*X||»fi 
SfHM<Z>#MH*l2 4 ©7D-ft- McKT5^T«tjrr 
£ D CCW, YX7P-3>hP-7l 1 A<Dt&HWL 

m^^-r^mc^rmmt^o m 1 o^x^x-r 
Ate*v^T*x«t«tt*w-w-r«k:tt, s-rs 1 mm 

fn 5 A#EBfcU 7X7P-3>hD^7 1 1 A^\(D 
^n-feX*XA<0«fe*ifi»fU *2H1BH*P2 AStfT 
X7P-3>hP-7l 1 A, It»JfflMffl#l 4, jSIS 
ffl™#4A, /<— ^#1 7*H^T, 7X7P-3> 
hn-7l 1 rttcS^Ti/^^^a-feX^jXA^BftBL, 

7X7P-^>hp-7i i rtai5*aiR*rx^^— >?*r 
s (s i) o ctuc^tK mmmuxz^tr 1 21*1^ 
-^^ii^x^i^e»n§o vx^n-zi 
>fp-7 i i AoatfiK^^a^^D-bx-efieffl-rs 

^MfltL (S2) , S^M 7*fflC. ^X 

7P-n>hp-7i lAtc^br, 9tmmifz>&>i? 

1 2 rt<OSiR;tfX*«i-r (S 3) o f LT> EEtHz^V 
1 3tf§f*«!JLfdE;frfcJ\ A/D3>;^-^2 5 &C<fc D A 
/D^Stl, CPU2 3{cl^}A^n§c CP 
U 2 3«. RfcgEE^P 1 *«imL/£:^6«FHIft»J*fT 

v\ msflE*P2**a-r*st?k:»-r*wrnT*w-a 

[0 0 2 2] fit, C P U 2 3 a*±iaE*»T P 1 - 

P2, npmtu:*?), fn»<om^mAKm^r. v 

X7P-3>hn-7l 1 AteMnfcSJR^XOMftrat 
a^rSffiT^ (S 5) o 3«c* *0»U^ffifcov>TBl 
WtSo PV=nRTdCT% P 

temb<OE3l. Vlil^gS, n ttfSf*(D*7l/». T 

IS^-TSCfctckD, (dP/dt) = (dn/dt) 
RT^^Dx cn^r (dn/d t) fcoi^TfiS-T* 



)/(RT) £&£ c 



(Si) 



(S2) 

2) £0, 
T) £&£ 0 (S3) 

TfW*ftoT^^*^ **ssflwo tt-»jffl * > ^ 1 

20}§«te, YX7D-3>hn-7AQEf 1 6<D§ 

i %mmcw^7L%>chi$T*z%> 0 7X7P^>hp 



(6) 



8 1 7 6 0 



7X7P-3>hD-7 1 1 A03»^*fT5 (S6) 0 

[0 0 2 4] W±»IB»cKWbteJ:5te, *^flMBW>v 
^ 1 BBEB^l 5 tvX7u-3>hD-7 1 1 h^RBcD 10 

J±*jP 10W-«ffl»*ifX*»**IHIIffl*rx*>ir l 
2t, ltSW^X^>^ i 2 tYX7P- 3>hD^7 

APBE^l 6fc(0Ht?BBS*SBBH-r*W-ffl!lfflBBK#l 4 
7X7D-n>hP-7i 1 ©XP«Off**ffSJ 

T^EE^-fev+M 3i:^WU 7X7P-n>ha-7 
l i^\O^u-fe^3tf^(0«*&*S-BBiB#l 5 fc: 

t«feomsoEE*»Tk:e'r*wrmT*m-iWL, bsrbt 

-3>hP-7 1 1 OSte3m««:§a^ofBfi!tc:«i^T* 
7X7P-3>hD-7l 1 fciEfltlcSiJftIL 

[0 0 2 5] ^tc, S~(D^fitifl»J^ov^TIMWrSo 31 

^%>(Dte, 7X7P-3>bP-7APEf 1 6 0§t 

VX=V0 (P1-P3) / 

[0028] S 1 6 6 S 1 9 <DX-r y 714, if 1 ^ISg 

X^a-n>ha-^APSHWl 6cDS*SVX #;£a63 
c£#T*£, (S3) tc*5i>TV = vo+vx£T3c £ . 
TX7D-3>hn-7APEf 1 6 0§ffl$ 

^/EP 1 , 7X7D-3> ho-^APffig 1 6ft£r{g 

#X£>* 1 2SD>X7D-3>hu-7APiEf 1 
6^tEP 3^ltTX7P-3>hP-7AnEf 

i 6osivx ***Tv>*tf. is?tc mmmmm#\ 

4rt*fSffiPK 7X70-3>hD- 7APEI 1 6 
*EP 3 ^ LTVX7P-3 y h P-7APEI 1 6rt 
[0 0 2 9] SziOSISKMOvX7n-3>hP-^*e so 



10 

zi>hD-^AP@EW i e^jRfeSftffl^EisfcJB^T 
i AoiftWisffi«*tt^-r«^ffitc'ov>Tittw-rSo »i 

BH#1 5*B!i;. ^-v^l 7. HSfflP^I#4A, 

tfflJflJMIS*M 4, 7X7P-n>ha-7l 

T, 7X7P-3>hD- 7 l 1 Afl^iMXTW 

i^-r* (s i i) o 

[0 0 2 6] M^, 7X7n-n>ha- 7 1 1 A*K 
Sffi«llcb, EE^P 1 *»»J-TS (S12) e * 

JE^^m^OffiBEP 2tc&o/c££tcvx;7n-:3>h 
a-5> 1 1 A^WC, EE^P 2*ff-S0-rS (S 1 3) o 
ftfflJfflBflBWM 4*«Cfc»^— $>*M 7*BHi;TV** 

i 2rttc*^e>ns*x»(cSM*^*-rs^6-efe 

2>P 3 (S 1 4) o I+SiJLfc£E^P 

k P2, P3, Rzfmmmuxzyz 1 2co®mvo 

j:^X7n-3yha-7APEii 6^§iVX^ 
(S 1 5) o 

[0027] ?(DW&jjmc~D^Tmm?z>o 

PV = nRT£*K n = PV/(RT) 0 

(3tmmax*># 1 2 rto-tji/R) + (vx7p- n 

>hn-^APlEgl 6 rttQ^MR) = (/Vl/^*HK: 
LfcRjG^ErJWR) fcfrZ, P1V0/ (RT) + P2VX 
/ (RT) =P3 (VO+VX) / (RT) hft*) . Ctl 

*&mt%t. (P1-P3) vo= (P3-P2) vxcn 

£:VXtcov>T&?< 

(P3-P2) (S4) 
ttffiMftS^^Afccfcntf. SB 1 BHBH^P l 5A«R 
Lfd£, 7X7n-3>hD- 7 1 1 A^&KKJBfc: 

U 7X7 P-3 > h D-7^«» IT> ffi*> 

■fe>"9-*£:cJ:»3St»Jffl/fXOff*P l*ff»JU &lc, EE 

*-fe>-9"©w-sij-raEE*^m«offi£EP 2tcaofcfc# 

tc. 7X7P-n>hP- 5*«Ktt!IBfc:U ft 
ff*P3*tHHU ff*PK P2, P3RtflHilWB* 

>^^iVA^7X7P-3>hP-7APffilO§ 

s*stHu ^§i^t7X7P»p>hp-7 

T> 7X7u-^>'ha-7APEf 1 6<D&ffl*jRsb 

[0030] m^cDnmmico^TmmirZo m 
*fls«ii:aa:*<ott. wrmm#x*>* 1 2&t/itpj^ 



(7) 



7-281760 



11 



12 



m i tranfflwx* 121^*1 M-wfflnn# 1 4 1 
u m2Wrmm#x*>* \ 2 2&m2mmmmfflft\ 

4 2£,>LT, vX7n-r3>hn-^APBHSl 6 lc 
glLT^Sc mH<D*fififl?!lOftffl«rBI6«:ffll/^ 

1 l A©IB«««*^T**ffik:ov^TKW-r*o H 
«2A, 7X7D-3>hD-7l 1 A, ffiltHM 

mmmm 4 1 , S2tt»jfflgBK#i 4 2, 

^1 1 rttc^^Tl^ya-feX^XA^mb, TX7 
u^>bD-7i 1 Art*g*^t^— (s 

2 1)o CWc**). *lfWJfflitfX*>* 1 2 K s 
29tmm#X*>i? 1 2 2K:/<-^Efr<OS3R;tf;*** 

[003 1] 7X7D-3>Fn- 5 1 1 A<0iffi 

■«B£*a« y a -tr X T-<$ffl T 3 fJECBfiti t T 3 

Q= (d P/d t 1) m (V 
Q= (d P/d t 2) m (V 
(5S5) (S6) *^VX*JBS-r*fc, 

Q= (d P/ (d t 1 -d t 2) 

) 

(*7) n, $>?<Dmm(DmftrcVE.ti&TmmcDm 

fC&-DTi^5£#*.T. d t =d t 2-d t K V = V 
2-Vl^r G£3) Icf^ALfc^TfeSo cnfcitK v 
X7a- a^ha-^APBHWl 6C0^i»VX 
tt^Tf50T\ ?X7a-3>hn-7APEf 1 
6 cO^S £ T*^i6T, »jt*M»*fB— *6HW * O IE5SIC 

[0033] #£sswt?h\ ( 1 ) n 2 tKHJ^mea^ 1 

4 2 *BHtfc«»T* 1 H-SdfflBSIB# 1 4 1 *B»T» 
HU (2) !g 1 ftldfiP^PAfr 1 4 l^rPJCfctt 

mT'mzttmmmfflftl 4 2*P^ttTtHgiJ«:fToTl,>3 
*>\ (2) (Om-Blcm 1 fHB«fflBUEB# 1 4 1 *BBVfctt 
JB©SS-pJB2W-»JfflBBBB^l 4 2 fcBfl^Titffl'P&iT o 

[0 0 3 4] ^Hc0j|)SSsfl?ljC)VX7a — 3> ha — 

fcraaatftjgs'Xf- Atcttuf, m^jETjp i<DgiH#x 

ZWz.%m 1 ftmm#X*>* 12 1t H)t£JE73P 2 
Wgiil#X;&g*;g>Sg2tt«iJffl;tfX*>* 122i> I 
1 ItitJffl;tfX£>^ 1 2 1 tvX7n-3>ha-7A 

nise i 6 fc©im?s»*i3!BflT.6S i mmmmft i 

4 1 m2ltIiJffl^X^>^ 1 2 2 t7X7D-3y 
ha-^APlBB 1 6 fc©MT?W»*IJflB»-*ai2W-S!l 



(S 2 2) 0 Jfcfc, fR 1 tHMfflMH* 1 1 4 1 *BHtr, g 
2ltSiJfflP»1P^#l 4 2^1:5 (S2 3).*C, 
v>'#l 7£P^IA flE7a-fe>+J-l 3»c«fcOJEE;frtfP 1 fr£ 
P 3tCEE73KT-r5Bfp B ^T 1 £$iJ5£T5 (S 2 4) „ & 

ic, 7tt?m% (s 2 5) . ^ic, mitf-si 

fflH(B#l 4 l*BBi;, ff!2ft«iJJBPwlP^#l 4 2«BH*t 
5 (S 2 6) o /<-5?*M 7£B!IA E7Jt>1J- 

1 3lC<tOE733b < P2A^P)P4tCffi73l^T-r«^fraT2 

fcifj/g-ra (s 2 7) o 

[0 0 3 2] ?LT, C P U 2 3^It«iJLfcJE±H^TB# 

7X70-3>hD-7l 1 AlC^tnfc^^^'XCD^W 
i35««r»m-T5 (S 2 8) „ fLT, L,fd&*N5M 

«ue*j3Cft5 (S2 9) o at, mmisxcDmrnm 
(DWMJsmc'o^Tmwr&o 0&3) £*x sitwj 
ffl^x^>^ 1 2 i©w&vi , m29tmm*txz> 

2 1 2 2CD^«^rV2, YX7n-a>hn-7APS 



20 



1 + VX) / (RT) htz2>o (i£5) 
2+VX) / (RT) ttzZo (it6) 

) m (V1-V2) / (RT) £1ZZ> 0 (S7 



TfflHwl 4 2i:^r*L, 7X7n-3>hD-5 1 1 
A^©:7n-feX;tfX©0U&*S— BHffl# 1 5 Atc<fc DM 
Rim S 1 S+MfflBBBW 1 l 4 J±73-tr> 

-9- 1 3 ic &9mfe<DiEii&Ticmt%f%mT 1 «ihh 

so U i^tc, ^2f+SWP»1Pfl#l 4 2*PV=»T, £E73-tr> 
*13C* D3T^»)E^I^Tti:M-r«.^P B 1T 2«rftSiJ 
U ttlLft^TK T2, mist«'Jffl^X^>^ 1 
2 1 CD^tt, &D : ^2lt«iJffl^X^>'^ 1 2 2<D&mfr 
^7X7Q-3>hD-7l 1 A<0*fiWiSS«*^LT 

[0 0 3 5] -7?. siu->tr<Djiff*^»isiscia!5jg-r 

i:, 7X7n-3>ha-7l 1 <9enflDliEE£i!ijSS£ 
©^*^k-rsci:*^»), foi:i:!iTX7a-D 
>ho-7l nc7£^ffi£E^en<J0LTV>5(Dtcyn-trX 

*S^jS»T**^i:{±, fW^ffj«)»ra-irx<D«^, 
so ^-{i, 7X7D-3> ha— 5 1 1 £>01*DSEE£:^J£L 



13 



(8) 



f?P*l¥7-2 8 1 7 6 0 

14 



n fit £riS * fc m& A, B © T 7 5 - A #58 -ft 6 ti £ <fc 
[0 0 3 6] **««O^X5/XT-Ah:*5V^rtt*l8fl!) 

[0 0 3 7] &*5, ±E**«tt*»BB«l«« , r*tO 

a*«r^u:H b -r^FjgttT* o r^o * g - > & t 20 

[0 0 3 8] 

x:7n — 3>hu~ ^APiE^±tcfeoT, m^JBE^P so 
X*>^fcvx7D-n>hu-^APiBBfcoraT*S 
(OAP«<0£E*P2*W"S!ir*flE*-b>'9-i:*WU ^ 

x ^ d - ^ > h n - ^ ^ x #x (Drnffezm- m 



[HI] 




<^£<DT% VX7D-3>hD-70fSMM» 

[0®^jH#%IK0^] 

[0 2] *^WO^HO||]SSM"P*SvX7P-3>h 

[03] »— Oll*«OVX7u--=i>hn-5l(S«8lt 

[14] IB— 0*MtWO^X7n— 3>hP— 
lM^XfA©ffffl^-r7o-ft-bt*§o 

[05] m-(Dnt&m<D^x7u-u>bu-5ffi$ffi. 

[0 6] mxcDHSS^JcOTX ^ a - a > h a - ^fcfe^tjft 
[«W©«Wi] 

1 1 7X7P-3>ha-7 _ 

i t 2 immifx*>9 

12 1 Slff»Jffl«TX*>* 

i 2 2 mttmmnwyir 

1 3 J±tHz>V 
1 4 tt»JfflBBBB# 

14 1 » l ff-«|fflBBBB# 

1 4 2 »2tHllfflBI!B)# 

15 mi mh# 

1 6 vX7D-n>hn-7APEi 

2 1 

2 2 dtES^mim&fli 

2 3 C PU 2 3 



[0 2] 




(9) 7-2 8 1 7 6 0 



[0 3] 



23 
24 



^22 

rO — ^ 26 31 

1 «fr27 ( 



CPU 



TT 1/0 



28 



29 30 



I/O 




! L 



v 32 ^33 



12 



M5B 16B 



5A 
58 



[0 4] 



S 1 



S 2j J, ; 

V Tin — l > . L w — « 4 ^ S 



S3 vl7~ 



S4 



rS5 



I 



u 



^ gt>E)*-S 



iSl»(0ttlB^ga:i3«cJl>T"T^7O-D>ha-51 1 



(10) 



7-281760 



[05] 



S11- 

S12— £ 
S13- 



351 WEB* 1 5¥raU7?=^M 7, Ji»r#4A, 



3Z. 



S14— £- 



fitiHJBMRMM 4&BJi;fcf£/t-i>-#1 74BJbff*i# 



S16- — E 



Pk Psi:$'>;>g«Vo;*e> 

It - — 



S17 



~3E 



/ 1- V# 1 7 £|fl OffrJ&EZJ P «fr 6 P ,lzmZ> 



ciq ^-L m^tflBwescics^uTP^ p s , t, v 0 . v> 
5 ID L fre>^frtt*fttferaa*sr*&*-* 



S19 



(11) 



7-281760 



[0 6] 



S2 1 



2± 



suras* 1 5%rai; N i2gggfl#2, 

n>ha-^l 1 „ milt;Tl'Jffi5aEB#1 41. $&2St 
Jflifflliai3B# 1 4 2. iS»r#4A. 1 7&B8txr, 

?77a -3>ha-7i ii*»£gjg:tfXT/T-*/-a-& 



S 2 2-x 
I n> ha— ^1 




SI 1 tt>JWfflraEH# 1 4 1 tfciHfi? 



mimmmmi 41 4501; 



S29 



